With increasing life expectancy, changes in family structure and, most recently, the relaxation of the hitherto strict family planning policies, understanding how mid-life individuals support multiple generations, particularly their older parents and younger grandchildren, is of increasing research and policy significance in China. This paper analyses data from the 2011 China Health and Retirement Longitudinal Study (CHARLS) to examine the characteristics of Chinese midlife individuals aged 45-64 who are potentially being 'sandwiched' between providing care to older parents/parents-in-law and/or younger grandchildren (under age 16). Binary logistic and multinomial regression models shed light on the factors associated with providing support to one generation or multiple generations. The results highlight that amongst the Chinese mid-life sandwich generation, 58 per cent only provide care to their young grandchildren, 23 per cent only provide care to their parents/parents-in-law, whilst 15 per cent are simultaneously supporting both generations.
Introduction
In contemporary China, the provision of care for older parents/parents-in-laws remains a common and normative experience for adult children (Silverstein, Gans and Yang 2006; Hu and Ma 2016) . The same social norms and traditional family structures also mean that many Chinese grandparents expect to provide care for their young grandchildren (Chen, Liu and Mair 2011) . With improvements in mortality more people in China are surviving to older ages, and an increasing number of people in their fifties and early sixties can now expect to have one or more surviving parent or parent-in-law. At the same time, increasing migration has resulted in more people caring for their 'left behind' grandchild as their adult children find work in the towns and cities, a trend which may be further exacerbated in future by the recent relaxation of hitherto strict family planning policies. Thus a growing number of individuals in China face the possibility in mid-life of being 'sandwiched' between the provision of care to their own older parents/parents-in-law and also to their younger grandchildren. Understanding how this so-called 'sandwich generation' divides their resources in terms of time between the care of older and younger generations and other activities, including paid employment, is particularly pertinent in a context such as China - where the state remains predominantly dependent on the family for the delivery of care for older people and infant/toddlers (Zimmer and Kwong 2003; Cong and Silverstein 2012) , and where the Government has recently indicated that it plans to increase the retirement age (Chen and Groenewold 2017) , with the result that in the near future, even more individuals in their fifties and early sixties may be faced with the need to juggle work and family responsibilities.
Theoretical background and the Chinese context
Previous research, mainly conducted within the context of contemporary western societies, on understanding patterns of informal care provision to multiple generations has given rise to a range of inter-related theoretical frameworks, most prominent of which are the concepts of 'family solidarity', 'family adaptive strategy', and the life-course perspective of 'linked lives'. The theory of intergenerational family solidarity first outlined by Bengston and Roberts (1991) posits six dimensions of intergenerational family cohesion i.e. association, affection, consensus, resource sharing, opportunity for interaction, and the strength of familism norms, that define the degree to which a child is likely to support a parent or vice versa. Here, normative solidarity and responsibility towards family members influence the support provided to both older parents/parents-in-law and grandchildren; and functional solidarity then reflects the degree of helping and exchanges of resources. Previous studies using such a framework have highlighted the role of filial responsibility in the provision of support to parents (Korinek, Zimmer and Gu 2011) , whilst others have demonstrated the positive effect of perceived family obligations on grandparents' engagement in grandchildren's care (Chen, Liu and Mair 2011) . Adopting this theoretical framework implies that in a context where filial obligation is the social norm, mid-life sandwich individuals may find themselves obliged to simultaneously provide care to multiple generations.
Alternatively, the theory of the family adaptive strategy, proposed by Moen and Wethington (1992) , considers the family as an active participant in the larger society, an actor responding to external constraints and opportunities. Viewed from this perspective, the provision of informal care to older parents/parents-in-law and/or young grandchildren may be understood in terms of household members adaptively responding to external disadvantages and advantages, such as women's (daughters/daughter-in-laws) job participation, older parents/parents-in-laws' ill health and a lack of formal social care available to either generation, for the overall benefit of the household (Yan 2003) . Thirdly, life-course models place intergenerational exchanges in a wider historical and social context. Changes in the broader sociodemographic, institutional, and economic environment can lead to fluctuations in the family resources and needs, and in turn, result in informal care provision aimed at reducing the gap between the two. Caregiving from mid-life sandwich individuals to older parents/parents-in-law and/or grandchildren can be seen as being embedded in a network of family ties, reflecting the life course perspective of the 'linked lives' where "lives are lived interdependently, and social and historical influences are expressed through this network of shared relationships" (Elder 1998: 4) .
In traditional Chinese society, intergenerational exchanges are guided by the social norm of filial piety. Under such a norm, parents command absolute obedience from their adult children, and children are obligated to prioritise their parents above all other responsibilities.
Previous empirical research suggests that traditional norms governing intergenerational relations in China have largely persisted despite the recent socio-economic transformation of the country which has been accompanied by rapid economic growth, increasing incomes and greater independence (Zimmer and Kwong 2003) , with co-residence of older parents with an adult child remaining the key mechanism through which intergenerational support is maintained (Li et al. 2005; Korinek, Zimmer and Gu 2011; Zhang 2004) , and with those not co-residing commonly relying on an adult child living nearby. This obligation that children should take care of their parents when in need has even been formalised into the Chinese constitution (National People's Congress of PRC 2004; .
There is no parallel formal duty of grandparents to provide support to grandchildren in conventional Chinese culture. However, in contemporary rural and urban China, it has become increasingly common for grandparents to play a major caregiving role (Chen, Liu and Mair 2011) . In part this reflects the lack of options around early childhood care; with only sporadic formal public services available, especially for infants and toddlers aged zero to three. This, combined with high employment rates among women, a relatively short period of maternity leave (three to six months after the birth), and recent substantial rural to urban migration, has meant that Chinese grandparents have become more involved in grandchild care, a trend further supported by the relatively young state retirement age (50 or 55 for women and 60 for men) (Corter et al. 2006; Guo, Aranda and Silverstein 2009; Chen and Liu 2011) . Childcare provided by grandparents relieves the young parents' care burden thereby enabling them, especially daughters/daughters-in-law, to continue to participate in paid economic activities. Such a family 'adaptive strategy' can be viewed to maximise the wellbeing of the whole family. Some researchers have argued that this phenomenon also points to a change in the construct of filial piety, moving from the traditional uni-directional flow (adult children to older parents) towards a new norm of reciprocity, where grandparents taking care of grandchildren can be considered as part of a bargaining strategy which guarantees them old age support later on (Croll 2006; Cong and Silverstein 2012) .
The "Sandwich generation"
The concept of the sandwich generation was initially introduced by Miller in the 1980s to describe middle-aged caregivers 'sandwiched' between their parents and children (Miller 1981) . Since then, the use of the term has expanded as improvements in longevity have increased the number of surviving generations within families and caregiving roles have broadened (Rubin and White-Means 2009; Friedman, Park and Wiemers 2015; Vlachantoni et al., 2018) . Today the term sandwich generation can be used to describe those in their 50s and 60s who are sandwiched between ageing parents, adult children, and grandchildren, or alternatively those in their 30s or 40s with young children, ageing parents, as well as their grandparents (Abramson 2015) . The extent of being sandwiched between two, three or even four generations and actually providing care to such generations varies considerably, depending on the definition and target age groups. One study reported that just nine per cent of US women aged 45-56 simultaneously provided care for their parent and dependent children (Pierett 2006) . In contrast, Friedman and colleagues (2015) found that around 30 per cent of people aged 35-75 were providing time or money to parents and children (including adult children aged 18 and over). A study comparing data from the USA and Great Britain from the 1980s and 1990s, defined the sandwich generation as those aged 55-69 with at least one child and one parent alive, and found that 30 per cent of such individuals were helping both generations either with childcare, non-financial or financial support (Grundy and Henretta 2006) . More recently, a report using 2009-2011 data from Ireland found that 31 per cent of women aged between 50-69 were sandwiched between their parents and children, and 60 per cent of those were simultaneously providing grandchild care and non-financial help to their own parents (McGarrigle and Kenny 2013).
Moving beyond the prevalence of multiple role occupancy, previous research has explored how juggling multiple roles influenced caregiving activities, labour force participation, and health/well-being Evandrou, Glaser and Henz 2002; Glaser, Evandrou and Tomassini 2006; Gomez-Leon et al. 2017) . A key question is whether the care provision for one generation competes with care provision for a different generation, or whether they are complementary. Previous studies have found supportive evidence for the 'solidarity hypothesis' against the 'competing demand hypothesis', with helping one generation being positively associated with helping another generation (Fingerman et al. 2010; Grundy and Henretta 2006) . However, the study by Grundy and Henretta (2006) also found that care towards one's parents declines when there is a higher number of members from the younger generation alive.
All of the studies discussed above were conducted in developed countries. To the best of our knowledge, to date there have been no similar studies of the 'sandwich generation' in China, a middle-income country where the social, economic and political contexts are different from those of developed countries and where care provision to family members in need, both for older parents/parents-in-law and young grandchildren, almost entirely rely on the family due to the weak/lack of a developed social care system and the strong cultural traditions of extended kin. This study therefore aims to fill this research gap by providing the first insights into the prevalence and characteristics of the sandwich generation in China using recently available data from a nationally representative survey, the China Health and Retirement Longitudinal Study. The sandwich generation is defined here as mid-life individuals aged 45-in-law and one grandchild under age 16.
The paper makes three unique contributions: i) it provides new evidence on the profile of the sandwich generation in China; ii) it explores whether transfers from adults in late midlife to elderly parents/parents-in-law are positively or negatively associated with transfers to younger grandchildren, and vice versa; and iii) amongst the sandwich generation i.e., only those potentially providing care to multiple generations, it examines the socio-demographic characteristics associated with caring for multiple generations from the characteristics among those caring for only one generation, or none. The findings from the research are of direct relevance for policy makers and practitioners in China concerned with the provision of long term care to its ageing population.
Data and method
The data in this study are drawn from the China Health and Retirement Longitudinal Study (CHARLS) conducted by the National School of Development at Peking University. Using a stratified multi-stage 'probability proportional to size' random sampling method, the CHARLS survey was conducted nationwide in 2011-2012, covering 28 out of 31 provinces, 150 districts/counties and 450 communities/villages (Zhao et al. 2013) . One person per household aged 45 years or older was selected, and they and their spouse were interviewed face-to-face by trained interviewers using structured questionnaires. Signed informed consent was obtained from all participants by the CHARLS survey team before the data was collected (Zhao et al. 2013) . We chose to analyse the CHARLS baseline 2011 data rather than the more recent data from 2015 CHARLS Wave4 because of the concerns of non-random sample attrition during the longitudinal follow-up survey. Although the CHARLS has adopted a refresh sample to address attrition and maintain overall sample size, it is unclear whether this supplementation completely captures the features of caregiving behaviour and associated characteristics, especially if those respondents with high intensity care-giving responsibilities are disproportionately lost to follow-up.
Identifying the sandwich generation
In order to address the question of how individuals support multiple generations (parents/parents-in-law and grandchildren) in China, the sample of interest was restricted to those respondents aged between 45 to 64. The rationale for this age range selection is that age 45 is likely to be the lower boundary of the age at which people become a grandparent, since the average marriage age in 1990 was around 23 (Lu and Wang, 2013) ; conversely age 64 is likely to be approaching the upper age limit at which significant numbers of individuals have a surviving parent alive, given that the life expectancy in 2010 was around 75 years (National Bureau of Statistics of PRC 2012). Respondents in the two decades of mid-life between age 45 to 64 are thought to be the most likely to have at least one surviving parent/parent-in-law and grandchild. Thus our analytical sample comprises all individuals who were interviewed at age 45-64, and faced the possibility of potentially supporting multiple generations (i.e. having at least one parent or parent-in-law alive, and having at least one young grandchild (under age 16), with the provision of grandchild-care being understood as the indirect provision of support by the respondent towards their own child. The final subsample was 4,103 individuals ( Table 1) .
Provision of support to parents/parents-in-law
All respondents were asked whether over the past year they or their spouse had spent time taking care of their parents or parents-in-law. The question on the support provision towards the respondent's parents/ parents-in-law captured both basic and instrumental support:
"Did you/your spouse take care of your parents or parents-in-law during the last year in assisting them in their daily activities or other activities (e.g., household chores, meal preparation, laundry, going out, grocery shopping, financial management,
etc.)?"
The survey also collected information on how much time respondents and their spouse spent for the care provision to each parent and parent-in-law, allowing the construction of a variable measuring the intensity of caring for each parent/parent-in-law:
̋ Approximately how many weeks and how many hours per week did you yourself spend last year taking care of your parents or parents-in-law?
Approximately how many weeks and how many hours per week did your spouse spend last year taking care of your parents or parents-in-law? ̋ All answers of respondents and their spouses were separately recoded. Responses to these questions were used to compute a care provision intensity variable capturing the average weekly hours of care to parents/parents-in-law with four categories: Not caring; 9 or less hours a week; 10-19 hours a week; and 20+ hours a week.
Provision of grandchild care
Respondents were asked:
̋ Did you/your spouse spend any time taking care of your grandchildren under age 16 last year? For which child's children did you/your spouse provide care? ̋
The frequency and intensity of grandchild care of respondent and their spouse were then identified using the following question:
Approximately how many weeks and how many hours per week did you spend last year taking care of this child's children? Approximately how many weeks and how many hours per week did your spouse spend last year taking care of this child's children? ̋ Again, all answers of respondents and their spouses were separately recoded. Responses to these questions were used to compute a care provision intensity variable, which was re-coded into a categorical variable with the same categories as those for the intensity of parental support: i.e. Not caring; 9 or less hours a week; 10-19 hours a week; and 20+ hours a week.
Key Explanatory Variables
Previous research has highlighted that the need for care amongst parents/parents-in-law and/or younger grandchildren are key factors associated with informal care provision.
Unfortunately the CHARLS did not collect information on the need for support (e.g. health status) amongst the respondents' parents/parents-in-law or young grandchildren at wave one, thus it is not possible to control directly for need. Other studies have used the number of grandchildren under age 16 and surviving parents/ parents-in-law as a proxy for need (Grundy and Hernetta 2006) or information on the co-residence with parents/parents-in-law or young grandchildren (Korinek, Zimmer and Gu 2011) . Both of these variables were included here. Based on the existing literature, other socio-economic characteristics associated with informal care provision were also included as covariates to account for observable heterogeneity: these included marital status, education, working status, income, household wealth index and urban/rural residence (Fingerman et al. 2010; McGarrigle and Kenny 2013) .
Analytical Strategy and Dealing with Missing Values of Variables
The analysis was carried out in a staged approach. Bi-variate analysis was used to describe the profile of the sandwich generation in China, before focusing on their care provision and the intensity of the support. Logistic regression was then applied to investigate the association between supporting one generation and supporting the other, controlling for several demographic and socio-economic covariates. Finally, multinomial logistic regression was used to examine how the characteristics of caregivers towards multiple generations differ from those among individuals who care for only one generation. The significance levels reported in the results are p<0.05 (*), p<0.01 (**), and p<0.001 (***). The analyses were conducted using STATA version 15.
From the initial sample of 4,103, 72 respondents were excluded from the analysis of informal care provision because of missing values on the yes/no response of care provision to either parents/parents-in-law or younger grandchildren, resulting in an analytical sample size of 4,031. A number of respondents also had missing data on some of the other key variables of interest, including weekly hours of care provision to parents/in-laws (N=207), weekly hours of care provision to grandchildren (N=796), marital status (N=2), disability (N=5), working status (N=15), education (N=4), income (N=24), and household asset quintile (N=34). After excluding all cases with missing data on any of the control variables, the study sample size is potentially reduced to 3,980. Given this, a decision was made to impute the missing values for care provision intensity (categorical variables) to both grandchildren and to parents/parents in-laws, together with marital status, disability, working status, education, income, and household asset quintile index using multivariate imputation by chained equations 1 based on age, gender, chronic illness, number of parents/parents in-laws, number of young grandchildren, co-residence with grandchildren, co-residence with parents/parents in-law and urban/rural residence.
For the logistic regression, the models were initially run considering care provision with only yes/no response as the dependent variable, with a sample size of 4,031. The models for intensity of care were then run on two alternative samples, the first excluding all cases with missing values (N=3,980) and then including the imputed variables (N=4,031).
1 Multiple imputation using chained equations is a recognised technique of addressing missing data for more than one variable. It imputes multiple variables with missing values sequentially (normally from the variable with the least missing values to the variable with the most missing values). The chained equations approach is very flexible and can handle variables of different types such as continuous and binary (Azur et al. 2011) . Once the data have been imputed, each imputed dataset (in our study, we had 10 datasets) is "complete" with no missing values. Analysing multiple imputed data includes two steps: 1) running a standard analysis (e.g., logistic regression) on each of the imputed datasets, and 2) combining the estimates from each dataset to obtain the final result. The Stata 15 command mi ̋ was applied for the chained multiple imputations (StataCorp. 2017). Table 1 shows the prevalence of the sandwich generation in the overall sample. Almost onethird (32.7 per cent) of the respondents aged 45-64 have both at least one parent/parent-inlaw and a younger grandchild alive, and thus may be called upon to provide support towards both generations. One-third (31.6 per cent) have a grandchild but no surviving parent/parentin-law and a further 11.0 per cent do not have relatives from either generation. A quarter (24.7 per cent) have at least one parent/parent-in-law alive but no grandchildren. Table 2 shows the characteristics of all respondents aged 45-64, distinguishing by sex and whether the respondent is potentially being 'sandwiched', using the same typology as Table   1 . For both men and women, sandwiched individuals are more likely to be in the age groups 50-59 and to be currently married than others. There are significant differences in the socioeconomic profile of each group. Mid-life men and women with no surviving parents but with younger grandchildren tend to be less educated and in lower quintile of household wealth index compared with any other group. Conversely, those with parents/parents-in-law alive but no grandchildren are more likely to have a degree or higher education and in the highest quintile of household index (Table 2) . This can be explained by socio-economic gradients in the age at first birth and in mortality, both of which affect the likelihood of simultaneously having surviving parents and grandchildren.
Results

<Table 2 here>
The next section focuses on respondents who could potentially be a carer for multiple generations in order to investigate how their care provision is allocated between different generations. The analytical sample here is limited to those who have at least one younger grandchild and parent/parent-in-law, and who have no missing values on the yes/no question regarding care provision either for parents/parents-in-law or younger grandchildren. The total sample size is 4,031.
Amongst those potentially at risk of caring for multiple generations simultaneously, just 15 per cent of respondents report that they are providing informal care to both parents/parentsin-law and younger grandchildren. A further 43 per cent are caring for young grandchildren only and eight per cent for parents/parents-in-law only (Table 3) . Overall, 58 per cent of the sandwich generation is providing care to younger grandchildren and 23 per cent is providing support to older parents/parents-in-law. Compared to others within the sandwich generation, those who are providing care to both generations are more likely to be aged 50-59, to be currently married, co-residing with parents/parents-in-law, have a relatively high education, and relatively higher household wealth quintile index. Women make up a higher proportion of the mid-life sandwich generation than men, but there is no significant difference across the care typologies.
<Table 3 here>
In terms of the intensity of care provision intensity, around 20 per cent of the sample had a missing value for time spent with their young grandchildren and five per cent had a missing value on time spent caring for parents/parents-in-law. Following imputation, 36 per cent of the sandwich generation provided care to young grandchildren for more than 20 hours per week and seven per cent provide care to parents/parents-in-law more than 20 hours per week (data not shown).
Competing demands from younger and older generations
A key question is whether caring for one generation increases or decreases the likelihood of caring for the other, controlling for other factors. Table 4 illustrates the bi-variate association between caring for parents/parents-in-law and caring for young grandchildren. It shows that caring for parents/parents-in-law increases the chance of caring for grandchildren, vice versa.
<Table 4 here>
The results of two separate models are presented in Table 5 . Model A shows the odds of caring for grandchildren, controlling for the care provision (Yes/No response) to parents/parents-in-law whilst Model B shows the odds of caring for parents/parents-in-law, controlling for the care provision (Yes/No response) to grandchildren. The results highlight that caring for grandchildren is positively associated with caring for one's parents/parents-inlaw, and vice versa, with the odds of caring for one generation being twice as likely if you are also caring for the other generation, even after controlling for other factors including coresidence and number of surviving members of the generation -both strong proxies for 'need'.
<Tables 5 & 6 here> Table 6 presents the logistic regression models results using the caring intensity variable following the chained multiple imputations. Again, it confirms the complementary nature of care provision, showing that the higher the intensity of care towards one's parents/parents-inlaw, the higher the likelihood of caring for younger grandchildren, and vice versa. Compared to non-carers, the provision of 20 hours or more of care/ week to one's parents/ parents-inlaw nearly trebles their chances of caring for their grandchildren (Odds ratio 2.58); and the Odds ratio of caring for parents/parents-in-law is almost double (Odds ratio 1.94) when the provision of 20 hours or more of care/week to one's grandchildren.
The results presented in Table 5 and Table 6 provide further evidence that the number of parents/parents-in-law is not associated with the care provision to younger grandchildren.
However, the number of younger grandchildren appears to be negatively associated with care provision to one's parents/parents-in-law, suggesting that at higher levels of 'need' there may be a substitution effect. Not surprisingly, respondents are more likely to care for either generation if they co-reside with them. Sandwiched individuals currently married are more likely to care for younger grandchildren than those not married. However, the same pattern is not significant in terms of caring for one's parents/ parents-in-law.
The likelihood of providing care is also associated with selected socio-economic characteristics. Compared with respondents living in rural areas, those living in urban areas are more likely to care for grandchildren, but less likely to care for parents/parents-in-laws.
Respondents with a higher household wealth index are more likely to provide care to either generation.
Who amongst the sandwich generation is most likely to provide care to multiple generations?
The results of the multinomial regression models of the probabilities of caring for grandchildren only, parent/parent-in-laws only, or neither generation, in comparison with caring for both generations (the reference category), are presented in Table 7 . Co-residence plays an important role in determining informal care provision. Respondents are more likely to provide care only for younger grandchildren than for both generations if they are coresiding with grandchildren, or are not co-residing with parents/parents-in-law. Those not coresiding with parents/parents-in-law nor younger grandchildren are more likely to be in the non-care provision group. Moreover, respondents living in urban areas are more likely to provide care only for younger grandchildren in comparison with caring for both generations.
Those individuals in the sandwich generation who are in households in the lower household wealth quintile index are more likely to be the in the non-care provision group.
<Table 7 here>
Discussion
This analysis highlights that one-third of Chinese middle-aged (45-64) individuals are sandwiched between older parents/parents-in-law and young grandchildren and thus face the possibility of providing informal care to the both generations. However, amongst this sandwich generation, only 15 per cent are actually providing care to the both generations at the same time. This percentage is relatively low in comparison with previous findings from some western societies (Grundy and Henretta 2006; McGarrigle and Kenny 2013) . However, around 60 per cent of the sandwich generation are providing care to their younger grandchildren and the intensity of that care provision is high. This might be because younger grandchildren have greater everyday needs. The data shows that more 'sandwiched' mid-life individuals provided informal care to their grandchildren than to their older parents/ parentsin-law, reflecting the fact that the study respondents were aged between 45 and 64, and thus that many of their parents/parents-in-law (at least for the younger mid-lifers aged 45-54) were likely aged in their 70s or early 80s and therefore still relatively healthy and without a need for care. A recent study in China found that the majority of older adults do not need care in daily life as a result of their improved health condition, on the contrary they may even play an important role in household chores or social activities (Du and Yang 2010) . Additionally, some of those older parents requiring support may be cared by family members other than the respondents, such as the respondent's siblings or other extended family members, and/or institutional care services especially in urban areas. The flows of intergenerational exchange observed here support both the family adaptive strategy and family functional solidarity thesis.
Previous studies have found that grandparent involvement with grandchildren increases with the difficulty of the conditions that adult children are facing (Gibson 2005) . In contemporary China, unless there are significant improvements in the provision of formal care, it is likely that demands for informal care to younger grandchildren and to parents/parents-in-law will increase given the recently relaxed family planning policy allowing couples to have two children alongside continued improvements in life expectancy. Based on a recent report from the National Bureau of Statistics of PRC, in the two years following the implementation of the universal two child policy in 2015, the number of new-born babies which were the second child increased by 1.6 million in 2017 compared with the same figure in 2016 (Li 2018) .
These 'extra' second parity babies are not evenly distributed across the country, with many of them likely to be born to parents living in urban areas, reflecting the fact that the previous family planning policy constrained all urban couples to one child, whilst in some rural areas second and even third births were allowed (Qin, Falkingham and Padamadas 2018) .
At the same time as demand is rising, the supply of informal care provision from grandparents is coming under pressure as the government is considering a major reform to increase the retirement age in the face of population ageing (Chen and Groenewold 2017) . If both mid-life women and men have to remain in the labour market for longer, fewer members of the sandwich generation will be available to provide informal care to either the younger or older generation. The potential decrease in supply allied with rising demand could put huge pressure on the supply of informal care provision. Previous research has found a negative association between demanding care giving and health and well-being among the care givers (McGarrigle and Kenny 2013; Vlachantoni et al. 2013 ). In the long run, formal care as a complement to informal care as in many western societies (Dykstra and Fokkema 2011) will be absolutely crucial to ease the pressure imposed on informal care (Zhan et al. 2006 ).
The results further show that providing care to one generation increases the chance of providing care to another generation. These findings are highly consistent with those in developed countries (Fingerman et al. 2010; Grundy and Henretta 2006; Gomez-Leon et al.2017) , which support the 'solidarity hypothesis' against the 'competing demand hypothesis', with helping one generation being linked with helping another generation.
However, increasing in number of younger grandchildren may have a negative impact on the care provision to parents/parents-in-law, indicating somewhat competing explanations.
Co-residence plays an important role in terms of providing informal care to both generations.
This 'residential propinquity' or 'residential solidarity' provides the opportunity for intergenerational exchange (Bengtson and Roberts 1991) . Under the norm of filial piety, younger people are expected to take care of their ageing parents through co-residential living (Li et al. 2005) . Although over the past three decades, with the housing improvement and desire of independence among young generations, the number of nuclear households has been increasing (Hu and Peng 2015) , multigenerational living still persists, particular when some family members are incapable of taking care of themselves (Chou 2011) . Previous research found a significant rise in co-residential living following widowhood and a deterioration in the functional health of older people in China (Korinek, Zimmer and Gu 2011; Zhang 2004) .
It is likely that such co-residence living arrangement transition would also occur to accommodate the informal care needs of younger grandchildren. Both phenomena reflect the family adaptive strategy to meet the informal care needs.
Sandwiched individuals living in urban areas have a higher chance to provide care to younger grandchildren compared to providing care to both generations. This can be partially explained by the conflict between maternal work and childcare. Women's labour force participation rates are very high in China due in part to the government's active promotion programmes in the past, and also due to women's key role of family breadwinner, but work arrangements are often not flexible especially in urban areas. Unlike women in many western societies, who often use part-time work as a way to balance work and childcare demands Evandrou, Glaser and Henz 2002; Glaser, Evandrou and Tomassini 2006) , flexible work arrangements are generally not available in China (Chen, Liu and Mair 2011) .
Meanwhile, public nurseries for age zero to three are extremely rare (Corter et al. 2006) . The majority of women in urban areas have to go back to work after a maternity leave of three to six months after the birth, and leave the infant to be cared for by the grandparents. This paper adds to the literature by examining the sandwich generation and their informal care provision to parents/parents-in-law and/or younger grandchildren, using a large nationally representative sample in China. To our knowledge, this is a first exploration of informal care provision amongst the sandwich generation in the Chinese context, although there is a growing literature on informal care to either older people or grandchildren.
However, a number of limitations of this study should be borne in mind when interpreting the results. Firstly, the survey questions about care provision were asked in relation to the previous year, while questions about the respondents' living arrangements and other covariates referred to their current situations. Although most of the covariates might be consistent over the year, some might change after the care provision has occurred. Secondly, information regarding the need for support is not collected in the survey, which is essential for understanding the care provision and which shows a positive association with the provision of help in previous studies (Vlachantoni et al. 2011) . Future studies may incorporate this measurement. Thirdly, the number of respondents with missing data on weekly hours of care for parents/in-laws and for grandchildren is considerable. One possible reason for this might be that such care is so integral to everyday life or so nuanced that many respondents may have found it challenging to recall how many weeks and hours per week they provided care to both older parents and grandchildren during the last year. Such a task might be even more difficult in cases of co-residence between the respondents and the care recipients. Recent studies have argued that there is room for improvement with recording such measurements, for example by prospectively using time diaries to collect caregiving frequency and intensity data (Chatzitheochari et al. 2017) . In this study, the chained multiple imputations for the missing values relating to the intensity of care provision were carried out under the assumption that the missing values were missing at random (MAR), an assumption which is hard to meet. Nevertheless, comparison of the results with and without the multiple imputations indicate that the results regarding intensive informal care provision are consistent. Finally, given that caring for parents/parents-in-law increases the chance of caring for grandchildren, and vice versa, the two variables may be endogenous in the binary logistic regression models. Furthermore unobserved factors such as a personal characteristic of a general caring feature or constraints might be related with both caring for one's older parents and for younger grandchildren. A future study aiming at the causal effect of caregiving to one generation on caring for another generation might address the potential endogeneity bias by using an instrumental variable approach (Coe and Van Houtven 2009 ).
In conclusion, individuals within the sandwich generation in China make an important contribution to supporting two generations: their parents/parents-in-law and younger grandchildren. Although the proportion of such individuals providing care to both generations at the same time remains relatively low, the intensity of the care they provide is high. With population ageing proceeding at a rapid pace and with an increase in new-born second births in China following the updated Family Planning policies, the demand for intensive care to both generations will become even more relevant in the future. Going forward, more midlifers are likely to face the challenge of simultaneously caring for older parents/parents-in-law and young grandchildren, whilst also playing an active role in the labour market. As a result, there may be concerns about the potential stress or burden on future caregivers, and the resultant effects on their health and well-being. If the negative impact of increased multiple role occupancy on the health and well-being of mid-life individuals is to be avoided or reduced, policymakers need to plan ahead in terms of the provision of formal care services for both older people and young children. More institutional alternatives and communitylevel or at-home services could be designed and implemented, offering additional options to families in need, so that, in the long run, the gap in the availability of social support between rural and urban areas is closed. In addition, co-residence plays a key role in care provision towards multiple generations, and such multi-generational living arrangements call for innovative housing building design which can be occupied either in separate, self-contained dwellings or through integrated living depending on the preference of families and individuals. Ideally a multi-sectoral approach is required, bringing together pre-school, education, housing, health and social care services. (N=12,552). (N=12,552). (N=4,031). (N=4,031). N (including imputed observations)= 4,031. (N=3,980).
